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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The non- water rechargeable battery with which the above-mentioned negative electrode is characterized by including a silicon 
alloy or a tin alloy in the non- water rechargeable battery which has a positive electrode, a negative electrode, and nonaqueous electrolyte. 
[Claim 2] The non- water rechargeable battery according to claim 1 which is the alloy with which a silicon alloy consists of an alloy which 
consists of Si and Fe, or Si and nickel. 

[Claim 3] The non- water rechargeable battery according to claim 1 which is the alloy with which a tin alloy consists of an alloy which 
consists of Sn and Fe, or Sn and nickel. 

[Claim 4] the content ratio of Si of a silicon alloy - more than 50 mol % ~ a certain non- water rechargeable battery according to claim 1 or 
2 

[Claim 5] The non- water rechargeable battery according to claim 1 or 3 whose content ratio of Sn of a tin alloy is more than 50 mol %. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the non- water rechargeable battery which is high capacity and was 

excellent in the cycle property in more detail about a non- water rechargeable battery. 

[0002] 

[Description of the Prior Art] Since the non-water rechargeable battery represented by the lithium secondary battery is high capacity and it 
is a high voltage and high-energy density, it has a great hope to the development. 

[0003] Although high capacity-ization could be expected when being based on these negative-electrode active materials, although the 
electrolytic solution of the organic-solvent system which dissolved lithium salt in the organic solvent was used and the lithium or the 
lithium alloy had been used as a negative -electrode active material in this non- water rechargeable battery, it was easy to cause an internal 
short circuit by the dendritic growth of the lithium at the time of charge, the cell property fell, and there was a problem that safety was 
missing. 

[0004] Then, using carbon materials, such as activated carbon which it replaces with a lithium or a lithium alloy, and can dope and ** dope 
a lithium ion, and a graphite, as a negative-electrode active material is examined (JP,4-24831,B, JP,5-17669,B, etc.). 
[0005] The above-mentioned graphite can catch one lithium ion to six carbon atoms, and when it shows this by the capacity per unit 
volume, it is equivalent to 830 mAh(s)/ml. 

[0006] However, if the distance between layers is expanded about 10% and, as for this graphite, repeats charge and electric discharge by 
receipts and payments of the lithium ion by charge and discharge to the time of full electric discharge (state which does not contain a 
lithium) at the time of full charge (state containing the lithium of 372 mAh/g), a crystal will collapse by these expansion and contraction, 
and a property will deteriorate. Therefore, in order to have acquired the life of 500 or more cycles with the graphite, there were restrictions 
that it usually had to be used by within the limits below 250 mAh/g (600 mAh/ml). 

[0007] And as a thing of high capacity, there is low crystal carbon rather than this graphite. Since this low crystal carbon can make [ many ] 
the amount of insertion of a lithium since the bond distance between carbon-carbon is large about 20% compared with a graphite, and there 
are moreover almost no expansion and contraction of a lattice spacing into charge and discharge, it is expected that a cycle life also 
becomes long. 

[0008] However, although this low crystal carbon can expect the high capacity to theory top a maximum of 1200 mAh/g (namely, state of 
C2 Li), what is developed actually is to the thing of about 800 mAh/g. 

[0009] Moreover, it inquires from a viewpoint that high capacity-ization is expectable, still using a lithium alloy (an intermetallic 
compound also being included) in many cases as a negative-electrode active material. Although the typical thing is an Li-aluminum alloy 
and charge and discharge are performed with this Li-aluminum alloy by making Li from formation and an Li-aluminum alloy of an Li- 
aluminum alloy break away by making into a matrix the aluminum-aluminum skeleton which carried out metallic bond, since a crystal- 
lattice interval expands and contracts by the charge and discharge, when charge and discharge are repeated, an Li-aluminum alloy 
impalpable-powder-izes, unnecessary absorption of the swelling of a negative electrode or the electrolytic solution is caused, and there is a 
problem that a property deteriorates. Moreover, although the Li-Pb alloy, the Li-Sb alloy, etc. are proposed besides this Li -aluminum alloy, 
these also show the same degradation inclination as an Li-aluminum alloy. 

[0010] Moreover, the same degradation also produces the compound of Mg2 Sn with ionicity higher than an alloy, Mg2 Si, Si, Sn, 
germanium, etc. and Li, it is high capacity and a long lasting negative-electrode material is not obtained. 

[001 1] Furthermore, capacity density is raised and the attempt using a metallic oxide is also made for the purpose which raises a cycle 
property. This uses SiO and SnO for the start raw material of a negative electrode. The Chemicals reaction of this first time becomes like 
the following formula (1). 
[0012] 

SiO+6Li++6e- -> SiLi4+Li2 O (1) 

[0013] That is, it is 6Eq Li+ to one-mol SiO. SiLi4 which e- (electron) reacts and serves as an active material Li2 O which does not 
contribute to a charge-and -discharge reaction generates. 

[0014] In Chemicals, it is 6Eq Li+ so that clearly from the above-mentioned formula (1). e - 2Eq is consumed by generation of Li2 O 
although it is required. Therefore, the generation efficiency of an active material does not become 67% at the maximum. Usually, it is the 
charge and discharge from the 2nd time, and is SiLi4. Since it is not used 100%, a first-time charging efficiency is only about 50%. 
[0015] Li+ used for Chemicals LiCo02 of a positive electrode, and LiMn 204 etc. -- from -- since it is supplied, cell capacity becomes 
small when irreversible capacity is large as mentioned above 
[0016] 

[Problem(s) to be Solved by the Invention] As mentioned above, although a cycle property is bad although Li-aluminum, Li-Pb, Mg2 Si 
(Lix), etc. are high capacity, and the cycle property of metallic oxides, such as SiO and SnO, is good, the irreversible capacity at the time of 
Chemicals is large, and when it constructs on a cell, the lithium ion in a positive electrode is used vainly. 

[0017] this invention solves the trouble of the above conventional technology, and aims at offering the non- water rechargeable battery 
which is high capacity and was excellent in the cycle property. 
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[0018] 

[Means for Solving the Problem] this invention Si2 Fe, Si2 nickel, etc. by using the alloy of Li(s), such as Fe and nickel, and the metal 
which is not alloyed also in a silicon alloy By giving the skeletal structure from which the use efficiency of the lithium ion of the positive 
electrode at the time of Chemicals is raised, and the inside of a cycle does not make a lithium and alloys, such as Fe and nickel,, either The 
pulverization of the active materials (SiLi4, SnLi4, etc.) produced in connection with a cycle and cycle degradation by condensation are 
prevented, and the above-mentioned purpose is attained. 

[0019] the aforementioned formula (1) - SiLi4 although it is the reaction to generate -- composition of the alloy of Si and Li — SiLi4 not 
only -- it exists by SiLix (0<=x<=5) if in charge of explanation SiLi4 of the typical composition ******** although illustrated -- this 
SiLi4 SiLi2 which belongs also to except at Above SiLix (0<=x<=5) SiLi etc. is included. 

[0020] Then, the above-mentioned Chemicals reaction is explained first. If Si2Fe is mentioned as an example as a silicon alloy and the 

Chemicals reaction is shown, it will become like the following formula (2). 

[0021] 

Si2 Fe+8Li++8e- -> 2SiLi4+Fe (2) 

[0022] It is [ as opposed to / one-mol Si2 Fe / as shown in the above-mentioned formula (2) ] 8Eq Li-K e - SiLi4 which it is consumed and 
is two mols One-mol Fe generates, an active material effective in a cell -- SiLi4 it is -- 8Eq Li+ consumed by the left part of the above- 
mentioned formula (2) All are used for generation of an active material, 

[0023] Li+ which was used in the case of metallic oxides, such as said SiO and SnO, Li+ by which one third was used compared with 
having been consumed by generation of Li2 O which does not contribute to a charge-and-discharge reaction in the case of this invention 
All are used for generation of an active material and the utilization factor of a lithium ion improves. 

[0024] Next, in the case of this invention, when a cycle property is explained, since a matrix (frame) is Fe, since it differs and Li and an 
alloy are not made, it is stability in aluminum at the time of being conventional Li-aluminum, Li-Pb, and Mg2 Si, Pb, Mg, etc. 
[0025] Therefore, it sets in a charge-and-discharge cycle, and is SiLi4 of an active material. Even if it causes pulverization and 
condensation, the change remains in a minute portion and does not make the whole electrode deform. Consequently, a cycle property does 
not deteriorate but it will become stable. 
[0026] 

[Embodiments of the Invention] In this invention, the silicon alloy used for a negative electrode is an alloy of Si, Li(s), such as Fe, nickel, 
W, and Mo, and the metal that does not make an alloy, and for example, Si2 nickel, SiFe, SiNi, SiW, SiMo, etc. are mentioned as an 
example of such a silicon alloy [ such ] besides Si2 Fe of the above-mentioned instantiation. 

[0027] Moreover, a tin alloy is also an alloy of Li(s), such as Sn, Fe, and nickel, and the metal which does not make an alloy, and Sn2 Fe, 
Sn2nickel, etc. are mentioned as an example of such a tin alloy, for example. 

[0028] And the effect as the case of the aforementioned Si2 Fe that these alloys are also the same is expectable. For example, for the 
Chemicals reaction, the case of Si2 nickel is also the following formula (3). Si2 nickel+8Li++8e--> 2SiLi4+Fe (3) 
It is 8Eq Li+ to one-mol Si2 nickel, e - SiLi4 which it is consumed and is two mols One-mol nickel generates and it is SiLi4. Acting as an 
active material, nickel acts as a matrix at the time of a charge-and-discharge cycle. And 8Eq Li+ consumed at this Chemicals reaction Since 
nickel which all are used for generation of an active material (SiLi4), and the utilization factor of a lithium ion improves, and serves as a 
matrix in a charge-and-discharge cycle does not make Li and an alloy, a cycle property does not deteriorate but it will become stable. 
[0029] Moreover, for the Chemicals reaction, the case of tin alloys, such as Sn2 Fe and Sn2 nickel, is also a following formula (4) and a 
following formula (5). Sn2 Fe+8Li++8e~> 2SnLi4+Fe (4) 
Sn2 nickel+8Li++8e-> 2SnLi4+Fe (5) 

It is 8Eq Li+ to one-mol Sn2 Fe or Sn2 nickel, e - SnLi4 which it is consumed and is two mols One-mol Fe and nickel generate and it is 
SnLi4. Acting as an active material, Fe and nickel act as a matrix at the time of a charge-and-discharge cycle. And 8Eq Li+ consumed at 
this Chemicals reaction Since Fe or nickel which all are used for generation of an active material (SnLi4), and the utilization factor of a 
lithium ion improves, and serve as a matrix in a charge-and-discharge cycle do not make Li and an alloy, a cycle property does not 
deteriorate but they will become stable. 

[0030] As for Si, in the above-mentioned silicon alloy, it is desirable that it is more than 50 mol %. This is based on the reason for the 
ability to make [ many ] the amount of Li which reacts by enlarging the ratio of Si, and enlarge capacity. Moreover, as for Sn, also in a tin 
alloy, it is desirable that it is more than 50 mol %. This is also depended on the reason for the ability to make [ many ] the amount of Li 
which reacts by enlarging the ratio of Si like the case of a silicon alloy, and enlarge capacity. 

[0031] Although various kinds of things can be used especially as a positive active material in this invention, without being limited They 
are a lithium cobalt oxide, a lithium manganic acid ghost, and a lithium nickel oxide (usually, although expressed with LiCo02, LiMn 204, 
LiNi02, etc., respectively, these) especially. A lithium content transition-metals oxide -- these ratios of Li and Co, the ratio of Li and Mn, 
and the ratio of Li and nickel are shifted from the stoichiometric composition in many cases etc. — is used suitably. 
[0032] A positive electrode accepts the need at the above-mentioned positive active material, with electric conduction assistants, such as a 
phosphorus (scale)-like graphite, acetylene black, and carbon black, and for example the positive electrode which added and prepared 
binders, such as a polyvinylidene fluoride, a tetrafluoroethylene, and an ethylene- propylene-diene terpolymer, — whether pressing of the 
mixture is carried out Or a solvent is added further, and it is made the shape of a paste, and is produced through the process which applies 
on the charge collector which consists of metallic foils (for example, an aluminum foil, a titanium foil, platinum foil, etc.) etc., and dries it. 
However, the production method of a positive electrode is not limited to the thing of the above-mentioned instantiation. 
[0033] A negative electrode produces the electrode object containing the mixture of for example, the above-mentioned silicon alloy, tin 
alloys or those alloys, electric conduction assistants, such as a phosphorus (scale)-like graphite, acetylene black, and carbon black, and a 
binder, includes it in a cell and is produced by the Chemicals reaction at the time of the 1st charge after cell assembly. However, you may 
make the state as a negative electrode out of a cell beforehand, without being based on the method of passing through the Chemicals 
reaction within such a cell, and ~ as the form of this negative electrode ~ the case of a coin cell and a button form cell the negative 
electrode of the above-mentioned composition -- pass the process which carries out pressing of the mixture -- the thing of the shape of a 
produced pellet -- using -- the case of a cylindrical cell or a square shape cell -- the negative electrode of the above-mentioned composition 
-- a solvent etc. adds to a mixture, it prepares in the shape of a paste, the paste applies to copper foil, a nickel foil, etc., and the process dry 
passes -- However, neither the production method of a negative electrode nor its gestalt is limited to the above-mentioned instantiation, 
[0034] As nonaqueous electrolyte, all of solid electrolytes, such as a liquefied electrolyte which used the organic solvent, and a polymer 
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electrolyte, can be used. As the above-mentioned liquefied electrolyte, i.e., the electrolytic solution For example, 1, 2-dimethoxyethane, 1, 
2-diethoxy ethane, propylene carbonate, Ethylene carbonate, gamma-butyrolactone, a tetrahydrofuran, 1, 3-dioxolane, diethylene 
carbonate, dimethyl carbonate, To independent or two or more sorts of mixed solvents, such as ethyl methyl carbonate LiCF3 S03, LiC4 
F9 S03, LiC104, and LiPF6 and LiBF4 etc. -- a solute -- independent -- or the electrolytic solution of the organic- sol vent system which 
was made to dissolve two or more sorts and was prepared is used [ for example, ] 
[0035] 

[Example] Below, an example is given and this invention is explained more concretely. However, this invention is not limited only to those 
examples. 

[0036] Pressing of the lOOmg of the Si2 Fe powder of 15 micrometers of example 1 mean particle diameters was carried out, and what was 
fabricated for the diameter of 16mm with a thickness of 0.1 mm in the shape of a disk was used for the negative electrode. 
[0037] In a positive electrode, it is LiCo02 of 6 micrometers of mean particle diameters. What mixed and carried out pressing of lOmg of 
crystalline graphites and the polytetrafluoroethylene lOmg to 200mg of powder, and was fabricated for the diameter of 16mm with a 
thickness of l.Omm in the shape of a disk was used. 

[0038] What piled up the polyethylene porosity thin film and the polyethylene nonwoven fabric as separator is used. As nonaqueous 
electrolyte, it is LiPF6 to the mixed solvent of the volume ratio 1:1 of ethylene carbonate and methylethyl carbonate. The liquefied 
electrolyte which was made to dissolve 1. one mol /and was prepared, Using the electrolytic solution of an organic-solvent system, the 
above-mentioned separator is inserted between the aforementioned positive electrode and a negative electrode, a positive electrode, 
separator, and a negative electrode are pressed down, and charge is performed by 3mA in the above-mentioned electrolytic solution for 20 
hours, henceforth electric discharge by 3mA namely, to 3.0V Charge repeated the constant-current charge and discharge to 4.2V by 3mA. 
[0039] It replaced with Si 2 Fe used in the example of comparison 1 example 1, and what carried out pressing of the 50mg of the Si powder, 
and fabricated it for the diameter of 16mm with a thickness of 0.1mm in the shape of a disk was used for the negative electrode, except it, 
the non- water rechargeable battery was produced like the example 1, and charge and discharge were performed on the same conditions as 
an example 1. 

[0040] It replaces with Si2 Fe used in the example of comparison 2 example 1, and is Si02. What carried out pressing of the lOOmg of the 
powder, and fabricated it for the diameter of 16mm with a thickness of 0.2mm in the shape of a disk was used for the negative electrode, 
except it, the non- water rechargeable battery was produced like the example 1, and charge and discharge were performed on the same 
conditions as an example 1. 

[0041] The situation of charge of the first time of the cell of the above-mentioned example 1 and the examples 1-2 of comparison and first- 
time electric discharge is shown in drawing 1 . Moreover, the cycle property of the cell of the above-mentioned example 1 and the 
examples 1-2 of comparison is shown in drawing 2 . 

[0042] As shown in drawing 1 , quantity of electricity of about 60 mAh(s) is charged by first-time electric discharge, and an example 1 can 
take out quantity of electricity of about 60 mAh(s) by first-time electric discharge. As shown in drawing 2 , the amount of charges and 
discharges showed the stable cycle property by about 60 mAh(s), and 2nd henceforth was excellent in the cycle property. 
[0043] On the other hand, although the first-time charge of the example 1 of comparison is almost the same as that of an example 1 at about 
60 mAh(s), if the amount of electric discharge decreases with about 40 mAh(s) and a cycle is repeated henceforth, as shown in drawing 2 , 
its capacity will decrease extremely. This is SiLi2 in a negative electrode. Pulverization is carried out and it is thought that it is for going. 
[0044] Moreover, although the first-time charge of the example 2 of comparison was almost the same as that of an example 1 at about 60 
mAh(s), there were few first-time amounts of electric discharge compared with about 40 mAh(s) and about 60 mAh(s) of an example 1. 
However, 2nd henceforth had the stable amount of charges and discharges in about 40 mAh(s), as shown in drawing 2 . In the case of the 
example 1 of comparison, it is SiLi2. Although cycle degradation took place by pulverization, in the case of the example 2 of comparison, 
Li2 O generates by first- time charge, this Li2 O has influence good for a cycle property, and what is depended on having suppressed cycle 
degradation is presumed. 

[0045] As mentioned above, it is SiLix by first-time charge that the example 1 was high capacity. Since Fe does not need to generate and it 
is not necessary to use the electrical and electric equipment for generation of Fe, what could charge about 60 mAh(s) and was able to 
discharge abbreviation 60mAh is presumed. 

[0046] Moreover, Fe performs the operation which Li2 O generated in the example 2 of comparison carries out, and it is SiLix that cycle 
degradation of an example 1 did not arise. Even if it carries out pulverization, it is thought that it is because it prevented that a bad 
influence attained to the charge-and-discharge property of a cell. 
[0047] 

[Effect of the Invention] As explained above, according to this invention, the non- water rechargeable battery which is high capacity and 
was excellent in the cycle property can be offered. 



[Translation done.] 
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